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Shrubs and trees should respond to the cessation of grazing in several ways: with increased canopy growth, additional stem production, and for certain species, with seedling recruitment. Therefore, the method for monitoring these changes will record canopy coverage, stem density, plant size and recruitment. Additionally, conservation strategies written for the islands (Coonan et al 1996) identify litter accumulation as an important process for seed bank development and eventual community recovery.
Therefore, litter sampling is included as a component of the monitoring protocol, to be conducted at 5-year intervals. Finally, ungulate numbers will be reduced on Santa Rosa
Island under the new management plan. The geographic distributions of deer and elk on the island are largely unknown by the National Park Service, and it is unknown how ungulate populations will respond to the reduction in numbers. Therefore, an index of shrub and tree community use will be developed for Santa Rosa Island by scoring each transect for signs of deer, elk and livestock.
Shrub monitoring protocol
This is a protocol for measuring shrub cover and density, and indexing size-class structure, using methods typically employed in studies of California chaparral and coastal sage scrub (e.g. Hanes 1971 , Debano and Conrad 1978 , Gray 1982 , Zedler et al 1983 Island that includes reduction in numbers of livestock (cattle, horses, deer and elk) over the next decade, and the park is currently removing sheep from the east end of Santa Cruz. Feral pigs will remain on Santa Cruz Island until funding for their eradication can be secured. The objective of these changes in management strategy is to encourage natural regeneration of native communities, particularly scrub vegetation. The current plant community monitoring protocol needs to be augmented with a method that will provide better resolution on change in woody vegetation, to evaluate the effects of these management actions. 2. Record line-intercept cover of shrubs and sub-shrubs by species (Table 2) , litter, rock and bare ground for the entire length of the 30-meter monitoring transect.
3. Record the maximum height of each taxon along the line transect.
4. Record the number of stems of all shrubs and sub-shrubs rooted in a 1-meter wide belt on the most nearly uphill side of the vegetation transect, in 5-meter increments (ie -in consecutive Ix5-meter plots along the transect.) Use a meter stick to carefully identify the uphill limit of the 1-meter belt. For most taxa, it will be possible to record stem number by individual. Several taxa, however, are multi-stemmed (especially on Santa Rosa and Santa Cruz, where they have been grazed), and it will be difficult to identify individuals. Table 2 shows which taxa can be counted by individual, and which taxa should have counts recorded as simply the number of stems per Ix5-meter plot. 
Data analysis
For the cover, height and density data, the sample unit is the transect. Transect values are averaged to give overall mean, standard error, median and mode statistics for the plant community. See Table 1 for sample sizes for each scrub community on each island.
1. Total the intercepts for each taxon by transect, and convert that value to a proportion of total transect length, for total taxon cover for the transect. 
Tree monitoring protocol
Tree density and basal area will be monitored in 10x30 meter plots, centered on the vegetation monitoring transect. Tree data should be taken every 4 years, unless field observations indicate that change is occurring so rapidly that important trends would be missed by taking data at 4-year intervals. 2. Total the trunk counts for the plot, and express as numbers of individuals (or trunks for some taxa, see Table 2 ) per plot.
3. Calculate the basal area of each trunk measurement by assuming that the stem area approximates a circle [Area = pi r2], where r = radius = (diameter/2).
4. Total the basal areas by species for the plant community, and calculate relative dominance of each species by dividing the total basal area of each species by the total basal area of all trees in the community. Clark et al (1990) indicated that litter cover is low in scrub and woodland communities on Santa Rosa Island, and Coonan et al (1996) noted that litter cover values reported for island chaparral and coastal sage scrub are lower than comparable, but less heavily grazed, sites elsewhere. Litter accumulation is an important ecosystem property in scrub communities, as it conserves nutrients, provides a reservoir for a seed bank, and establishes conditions conducive to seed germination (Christensen and Muller 1975, Gray 1982 .) Litter accumulation rates should increase as animal browsing, trampling and rooting decrease. Although sheep will be completely removed from East Santa Cruz in 1999, feral pigs will remain at least into the next decade. Disturbance will probably remain high in the Santa Cruz Island woody plant communities until the pigs are eradicated. On Santa Rosa, ungulates will be eradicated over a longer period of time, and litter accumulation will be affected by continued, but declining, use as well as vegetation recovery. Litter mass will be sampled every four years to provide an index of ecosystem recovery. Methods are similar to Debano and Conrad (1978) , and Keeley (1992 a,b) in studies of nutrient cycling and fire recovery in California scrub communities.
Litter monitoring protocol
1. Randomly choose 3 locations along the vegetation transect. At each location, vacuum all the litter present in a Ix0.5-meter plot placed 1-meter downhill from the transect.
Bag each sample separately.
2. Separate the litter (organic matter) from soil and rock by sieving through a 2mm sieve, and then removing the remaining rock and soil peds from the litter sample.
3. Search each sample for seeds of woody plants, tally by species, and return them to the litter sample for weighing.
4. Oven dry the litter samples, and weigh.
5. Average the litter mass samples for each community, and express as kg of litter per m2.
6. Report the numbers of seeds per m2 by species.
Ungulate use monitoring
Cattle were removed from Santa Rosa Island in 1998. Deer, elk, and horses will be removed from the island incrementally until they are gone in the year 2011. Between now and then, shrub recovery will continue to be influenced by the levels and kinds of use the communities receive. The current patterns of ungulate habitat use are largely undocumented, and it is unknown how ungulate distribution may shift as densities decrease. It will be important to get some indication of rates and patterns of ungulate use in order to interpret factors associated with woody plant community recovery. The ungulate use rating form, next page, has been designed to develop an ungulate use index for the vegetation monitoring transects in Santa Rosa Island woody plant communities.
Ungulate use rating for vegetation transects Island:
Date: Transect #:
Researchers:
Objective: Measure a suite of categorical variables that can be used to index utilization, and identify users of the vegetation in the vicinity of transects.
Fill out the following scorecard for each transect. In making these evaluations, look at a square 30 by 30 meters in area, centered on the transect:
